B waend

NCLASSIFIED

Copy
- RM 1,50A04
2 S e
a R o
Y] . -
.-II ] W—m ’ -
o . —_ [N e

T L : -
2 = _ oo
= -

RESEARCH MEMORANDUM

LONGITUDINAL CHARACTERISTICS OF TWO 47.7° SWPTBACK
WINGS WITH ASPECT RATIOS OF 5.1 AND 6. ZAT
REYNOLDS NUMBERS UP TO 10 x 10°

By Reino ]J. Salmi and Robert J. Carros

Langley Aeronautical Laboratory
Langley Air Force Base, Va.

g
=
Ry
~
2

wmlfwnn e

$0./
Oy DYNAL LT 5z . S0 QAL A_

<
HANGE_‘-J—iD = 3
<& 3309

Aad
—
S el
L
O
=
<r
O
=
Q
=
QO
Nl
o

Aathority
S N AL

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
March 30, 1950

UNCLASSIFIFD



EMH HHHl Wil UNCLAssiFiED

143 3015

NATIONAT ADVISORY COJ.\MTIEE FOR AERONAUTICS

NACA RM IS50A0L

RESEARCH MEMORANTUM

TONGITUDINAL CHARACTERISTICS OF TWO L47.7° SWEPTBACK

WINGS WITH ASPECT RATIOS OF 5.1 AND 6.0 AT

REYNOLDS NUMBERS UP TO 10 x 10°

By Reino J. Salml and Robert J. Carros
SUMMARY

A low—speed investigaklon of the longltudine]l aserodynamic charac—
teristics of a 47.7° sweptback wing was conducted in the ILengley 19-foot
pressure tunnel In order to provide large—scele data an relatively high—
aspect—ratlo sweptback wings. The wing featured Interchangeasble wing
tips which provided aspect ratios of 5.1 and 6.0 with corresponding -
taper retios of 0.383 and 0.313. NACA 64-210 alrfoil sections were
employed normsl to the 0.286 chord line. The dats were obbalned through

a range of Reynolds numbers verying from approximgtely 1.1 X 106
%0 10.0 x 10° and Mach mumbers of 0.06 to 0.25.

The maximum 1ift coefflclent increased slightly as the Reynolds

number was increased from 2.0 X 106 to 8.0 X 10.6 , Where maximm velues
of 1.19 and 1.20 were obtained for the aspect ratio 5.1 and 6.0 wings,

respectively. Increasing the Reynolds number to 10.0 X 106 caused a
decrease in meximmm 11ft which was attributed to compressibllity effects.
The aerodynamlc centers of both wings remalned at en essentially con—
stant poslition up to moderate 11ft coefflclents. Ieadlng-edge separa—
tlon near the tlps then caused an ebrupt unstable moment bresk. The
11ft coefficient at whilch the abrupt pltching-moment breask occurred

increased between Reynolds numbers of gbout 2.0 X 108 ena k.5 x 106,

and maximim values of approximately 0.86 and 0.82 were obtalned for the
aspect ratio 5.1 and 6.0 wings, respectively. Although a vortex type of
flow was shown to exist at all test velues of the Reynolds number, a
stabllizing effect of the vortex flow was evldent only at the lowest
test Reynolds number, The maximum 1ift-drag ratios were obbtained at a
11ft coefficient of about 0.25 and were approximately 25.6 and 27.8

for the aspect ratio 5.1 and 6.0 wings, respectively.
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INTRODUCTIOR

An investigation ls belng conducted onm a 47.7° sweptback wing with
aspect ratios 5.1 and 6.0 to provide low-speed large—scale data on
relatlvely high-aspect—ratlo sweptback wings. In order to iIndicate the
effect of a small change In aspect ratlo on the stabllity characteristics,
the aspect ratio 6.0 wing was reduced to an aspect ratio of 5.1 by means

of Interchangesble wing tips.

The present paper contains the longltudinal serodynemic character—
istlcs and the lift—drag ratios obtalned on the plain winga. The data

were obtained through a Reynolds number range from about 1.1 X 106
to 10.0 x 10P.

SYMBOLS
Cr, _ 11ft coefficlent (ILift/qS)
CL, 1ift coefficlent at which abrupt pitching-moment
(inflection) change la observed
CI‘ma:x: maximm 11ft coeff;!.cient
) drag coefficient (Drag/qS)
Cm pltching-moment coefficlent referred to 0.25¢C
(Pitching moment /qSE)
q dynamic pressure (pV2/2)
S wing area
v veloclty
p mass denslity of alr
c mean serodynemic chord
A ' aspect ratio (b2/s)
b wing span
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R Reynolds number (pV&/p)

Mach number (V/e)

il coefficient of vlscoslty
a speed of sound
/D 1lift—drag ratio
o angle of attack
MODEL

The wing had a leading—edge sweep angle of 47.7° and interchange—
able wing tips which gave aspect ratios of 5.1 and 6.0. The aspect
ratioc 5.1 and 6.0 wings had corresponding taper ratios of 0.383
and 0.313, respectively. Uniform twist about the 0.286 chord line pro—
duced 1.32° and 1.72° of washout for the aspect ratlo 5.1 and 6.0 wings,
respectively. In both cases fthe dlhedral engle was zero, The geamstry
and dimensions of the two wing plsn forms are presented In figure 1.
Standard roughness, as described 1n reference 1, was applled along the
entire span of the aspect ratlo 5.1 wing for the roughness tests. The
model mounted in the Iangley 19-foot pressure tunnel is shown In
Figure 2.

TESTS

The majorlty of tests were made at a tunnel pressure of 33 pounds
per square Inch. A few runs wére msde at atmospheric pressure for the
two wing configurations for the purpose of obtalning date at a lower
Reynolds number. The 1ift, dreg, and pitching moment were measured
through an angle—of—a:btack range from —2° through the maximm 1i1ft,

The varistion of the test Mach number with Reynolds number is shown in

figure 3.

The effect of leading-edge roughness on the aerodynamlc character—
istice was Investlgated for the aspect ratlio 5.1 wing at Reynolds

nuwbers of 3.0 X 10° and 6.0 x 10%. Visual observations of the flow
patterns were made by means of tufts attached to the upper surface
of the wing. T.he tuft studles were made at Reynolds nmumbers of

gbout 2.0 X 10 (aspect ratio 5. l) end approximately 6.0 X lO (aspect
ratios 5.1 and 6.0).
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CORRECTIONS TC DATA

The 1ift, drag, and pltching-moment coefficients have been cor—
rected for supporb strut interference and alr—stream mlaalinement
effects.

The Jet—boundary correctlions to the angle of abttack and drag coef—
ficlent were based on the method of reference 2 and are as follows:

A=5.1 A =6.0
Ao 0.905Cy, 0.9800C;,
ACp .0139¢;2 | .01520;2

Correctlons to the pitching moment due to tummel—induced distortlion
of the span loading were made as follows:

A=5.1 A= 6.0

ACm 0.004Cy, 0.008¢y,

Correctlons were also made for wake blockage effects. All correc—
tians were added to the data.

RESULTS AND DISCUSSION

Pitching-Moment Cheracteristica

From the snslysis presented in reference 3, a wing of 47.7° sweop—
back and en aspect ratic of either 5.1 or 6.0 msy be expected to exhibit
instability in the high—lift-ccefflclent range. Figures 4 and 5 show
that the expected instebility occurred for both the aspect ratioc 5.1
and 6.0 wings at moderate 11ft coefficients.

The abrupt unstable moment break can be attributed to separaticn
near the tips. Figure 6 indicates the presence of spa.trwise cross flow
prior to the initial separation. As the angle of attack was Increased,
the séparation spread inboard snd the pltching moment remained unstable
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until s point was reached where the Inboard sections began to lose 1ifd;
and, as shown by the plots of pilitching moment against angle of abttack .
(figs. % and 5), the slope of the moment curve became negative, thus
Indicating sta.bility at the maeximm 1ift. Some of the curves of pltching
moment against angle of attack for tne high Reynolds numbers were nob
obtained because the forces exceeded the limits of the balance system.

From the 1lift—drag polars of figures 4 and 5, 1t can be seen that
& rapid increase in the drag coefficlent coilncided with the 1ift coef-
ficlent at which the msta.bility cccurred.

As shown in figures L and 5, the pltching-moment curves were
linear in the range of 1ift coefficlents below the Inflection polnt in

the range of Reynolds numbers from 2.0 X 106 to 10.1 X 106. The calcu~—
lated location of the serodynamic center, determined by the method of
reference 4, was In good agreement with the measured values In the low
1ift range. The following table compares the measured and calculated
locations of the asrodynamic center in percent mean aerodynamic chord:

. Fxperimental
. Ceoutated R % 2.0 x 106 R = 6.0 x 106
5.1 30.3 30.8 32.5
6.0 3h.7 3.8 37.5

It 1s interesting to note that the pitching-moment curve obtained

at & Reynolds number of about 1.10 x 105 exhibited an increase in sta—
bility prior to the unstable break. In references 5 and 6 similar
moment curves for swepbback wings were cobtalned, and the Increase in
stabllity was attributed to the effects of vortex flow on the upper .
surface of +the wings.

A survey of the alr flow over the present wing was made at &

Reynolds number of about 1.10 X 106 using a siender probe with a single
wool tuft. The survey showed that a vortex flow developed at an . angle
of attack which corresponded to the angle of attack at which the increase
in stabllity occurred. The vortex appesred to origlnate at the apex of
the wing, sweep back at an angle slightly greater than the leading—edgs
swoep angle, and finally turn back Into the stream directlon near the
tip. As the angle of attack was iIncreased, the point .at which the
vortex turned back toward the estream direction shifted inboard and the
portion of the tip outboard of the vortex was observed. to be stalled.

]
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The pitching-moment curves of figure 4(b) do not exhibit the
Increase 1n stability at Reynolds numbers in excess of 1.10 X 106. Probe
surveye made at a Reynolds number of sbout 3.98 X 106 revealed that the
development of the vortex flow was delayed to a mmch greater angle of
attack than at the lower Reynolds number. The delsy in the development
of the vortex flow due to increasing Reynolds nunmber was also cobserved
in references 5 snd 6. It was observed that as the angle of attack was
increased the tip etalling occurred before the vortex flow becams
ovident. The survey aelso indicated that when the vortex flow developed
at the higher Reyanolds number, 1t turmed into the stream dlrection at
a wing station comsldersgbly Inboard cof the tips.

Tt should he noted that an Inboard location of the vortex flow may
contribute to the Instabllity In the high angle—of-attack range.

ILift Characteristics

Maxirmm 1ift coefficlents of 1.19 and 1.20 were obteined at a

Reynolds number of about 8.0 x 10® for the aspect ratlio 5.1 and 6.0
wings, respectively. Figure 7 shows that the maximum 1ift coefficiaonte
increased slightly with increasing Reynolds number in the range of Reynolds

nunhers from gbout 2.0 X 106 to 8.0 x 106 A decrease In CI occurred

when the Reymolds number wae increased to about 10.0 X 106 The decrease
In G may be abtributed to the effects of compressiblllity such as

described in reference T.

Figure 7 shows that a large increase in the inflection 1ift coef—
ficlent occurred when the Reynolds number was increased fran

gbout 2.0 X 106 to 4.5 x 106. The peparation near the tlps msy have

been delayed to higher engles of attack by & reductlion In the spanwise
cross flow, as indicated in figure 6, In addition to a normal scale effect
on the angle of stall. ]

The lift—curve slopes at low angles of attack were 0,061 and 0.062
for the aspect ratio 5.1 and 6.0 wings, respectively. Celculated velues
of the lift—curve slope based on the Welsasinger method (reference 4)
were 0.057 and 0.059 for the aspect ratio 5.1 and 6.0 wings, respectively.

Lift~Drag Ratlo.

The varistion of the lift-drag ratios with 1ift coefficlent 1a
presented in figure 8. The maximum values of L/D wore cobtained at a
1ift coefficlient of about 0.25 and were a.pproxima'bely 25.6 and 27.8 for
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the aspect ratio 5.1 and 6.0 wings s respectively. The relative increase
in L for the aspect ratio 6 wing became smaller as the 1lift coeffi—
clent was increased sbove 0.25 and becams zero at a 1ift coefficient

of about 0.8. ' -

Effects of Roughness

The effects of leading-edge roughness on the asrodynamic charac—
teristice of the aspect ratio 5.1 wing asre shown in figure 9. Roughness
decreased the maximm 1ift coefflclent about 0.06 at & Reynolds number

of 6.0 x 10° and approximately 0.03 at a Reynolds mumber of. 3.0 x 10°.
The lift—curve slopes were unaffected by roughness.

Figure 9(b) shows that the roughness caused a considerable reduc—
tion in the Inflection 1ift coefficlent at a Reynolds number of

about 6.0 x 100 but had a negligible effect at a Reynolds number

of 3.0 X 106. The effect of the roughness 1s simliar to the effect of
a low Reynolds number in that the energy of the turbulent boundary
layer is reduced and separatlion may occur at a lower angle of attack.

At a Reynolds number of 6.0 X 106 , the pltching—moment curves were
linear up to the inflection 1ift coefficient for both the smooth and
rough configurations. The serodynemic center shifted forward about
2.3 percent msan aerodyneamic chord, howsver, when the roughness was
added. A forwsrd movement of the aerocdynamic cemter due to roughness
was also apparent at the lower Reynolds number In that the slope of the
moment curve gradwally decreased.

From figure 9 it can be seen that the effects of roughness on the
drag rise correspond with the effects on the unstable moment bresk.
The drag rise occurred at a much lower 1ift coefficlent for the rough

condition at & Reynolds number of 6.0 X 106 but wag 1little a_.ffected at
a Reynolds number of 3.0 .X 106.

SUMMARY OF RESULTS

The results of an investigation of a L47.7° sweptback wing, for
which aspect ratlos of 5.1 and 6.0 were obtained by means of inter—
chengeable tips, are summarized as follows:

1. Maximm 1ift coefficlents of 1.19 and 1.20 were obtalned for
the aspect ratio 5.1 and 6.0 wings, respectively. The maximum 1ift
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coefficlents increased slightly between Reynolds numbers of 2.0 X ZI.O‘S
and 8.0 x 105 and decreased between Reynolds numbers of 8.0 X 106

end 10.0 x 10°.

2. The aerocdynamic centers of both wings remalined at an essentially
constant posltlon up to moderate 11ft coefficlents. Ieading-edge
separation near the tipe then caused an abrupt unstable moment break.

A large increase in the inflection 1ift coefficlent (1ift coefficlent
at which abrupt pitching-moment bresk occure) occurred between Reynolds

numbers of about 2.0 X 106 and 4.5 X 106. Maximm values of the inflec—
tion 1ift coefficilents for the aspect ratlic 5.1 and 6.0 wings were
approximately 0.86 and 0.82, respectively.

3. A vortex flow was shown to exlet an the wing. The vortex flow
affected the plitchling-moment characterlistlcs,at a Reynolds number of

about 1.10 X 106 but 1tes effects were minimized. by tlp stall at the
higher Reynolds numbers.

4, The maximmm lift—drag retios were cbtalned at a 1lift coeffliclent
of about 0.25 and were approximately 25.6 and 27.8 for the aspect
retio 5.1 and 6.0 wings,; respectively.

Langley Aeronsutical Iaboratory
Netlonal Advisory Committee for Aercnautics
Lengley Alr Force Base, Va.
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Figure 2.~ The 47.7° sweptback wing of aspect ratio 5.1 mounted in the
Langley 19-foot pressure tunnel.
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Figure 3.- Variation of Mach number with Reynolds mmber for the wings of 47.7° sweepback and espect
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